
Description 

PROCESS FOR THE PRODUCTION OF A CURVED 
LAMINATED GLASS PANE 

[001] This iiivention relates to lammated glass pane^ 

fimcdonal film embedded between flie laminating layers, and to methods for the 
mannfactoie of such panes. The invention finds pardcolar appUcation in the 
maimfectare of laminated automotive glazings, ie. windshields, sideUghts, backlights 
and roooflights or in olbet fields in which curved glazmgs may be eiiq>loyed, e.g. in 
ibs building industry. 

[002] T '"^rrntatf^ glaRs panes camprise two or mcBce sheets of g^iass, bonded togettierwilh 
an intaclay er lherrf)etween, annpdsing one or more layas of a b<niding lesiii, which is 
tyjacaDy polyvinylbatyial (PVB). The gilass is usually an inorganic gjass but rigid 
teamparent organic materials, e.g. polycarbonate, may also be used. The resin used to 

bond the glass sheets may provide safety properties or establish a bond with one or 
more additional layers that are incorporated between tiie glass sheets to provide the end 
product wiih inq>roved properties of strength, diattexHcesistance and flie like. 

[003] Qimmonly, a layer of PVB or etlqrlene vinyl acetate having a thidmess in the 
of 02 mm to 1.0 mm^ typicalty 038 mm or 0.76 nun, is hicoiporatBd in the end 
product, e.g. to provide an automotive windshield having accq»table safety properties. 

[004] Frequently, Tm^m^tp^ g^ass panes incorporate also a functional film as additional 
layer, e.g. a thermoplastic layer having peculiar physical properties, in comlrination 
with said interiaya*. Most commonly, this fihn is embedded between two or more 
layers of a bondmg resm, such as PVB, since the PVB is known to adhere well to the 
glass than a possible functional layer. Interlayer having a more coraples. structure, Le. 
two different layers of fbnctianal film or alike therdjetween, separated by an innM 
layer of bonding resin and placed between two outer layers of bonding lesm, may be 
also used. 

[005] These functional films are used to impart additional properties t» the pane, such as 
solar control properties, and in particular a filtering function for dazzling wavelengths, 
to decrease solar heat transmission, or to provide heating means or an increased safety. 

[006] An example of a material which is used to provide a fimctional film is polyethylene 
terephthalate (PET), possibly coated with finther sub-layers for achieving said 
additional properties. 

[007] A typical laminated pane con^nismg a fimctional film fonnedficom PET is 

described e.g. in US Patent No. 4,799,745. 
[008] One difficulty, which may arise ftom the incorporation of a fimctional fihn into a 



wo 2004/110747 



PCT/EP2004/051106 



2 

laminated pane, is the production of a laminate, which is transpaient and free from any 
optical defects. The conventional laminating process using, for example, a layer of 
FVB as the bonding lesin, ccmipnses the step of heatxDg the laminate inside an 
autoclave to a softening tempOTture far the PVB resin, aBo\^ 
flieieby foiming a transparent film having no significant optical defects. Generally, the 
functional thermoplastic films have a higher melting point tiian the PVB resin, thus 
they are not softened to the same degree at the PVB softening temperature. The result 
may be the production of a composite lamioate having a creased or wrinMed 
appearance. 

[009] Such laminates are unacceptable for most uses, espedally for antranotive ^azings. 
This problem is particulady Mt in relation to curved lannnates such as automotive 
windshields, especially those having a hig^ degree of cross curvature, wh^ the risk to 
obtain a laminate having a vmnMed appearance is even greater. Moreov^, the modem 
automotive design requires grazing surfaces with ever-increasrag curvatures. 

[010] European patent application EP 877,664 A describes a process for the production of 
a lammated glass pane comprising a PET fihn as part of the interlay er, in which the 
PET is stretched prior to the lamination process in owte to iispart specific ttiranal 
shrinkage properties to the PET. The PET-cootaining mtedayer is placed between two 
glass sheets and any esccess is trimmed off prior to the final lamiiiatim Sudi 
procedures have been found to alleviate but not completely remove the problem of 
wrinkling, especially wlrai the laminate is a curved laminate witihi a high degree of 
cross curvature. 

[01 1] US Patent No. 5,208,080 discloses a laminated con[q)osite glass pane having a 

functional film, having smaller dimensions than each glass pane. The gap surrounding 
the functional film is filled wifli a strip of an auxiliary film, preferably a strip of PVB . 
The use of such auxiliary film strip has been found disadvantageous in tha^ 
tiie formation of air bubbles and other distortions at the boundary of tiie functional film 
and the amdliaiy strip. 

[012] In tiie Ihtemational patent application Pabl. No. WO 00/26023, coated laminated 
glass windshields are described, having an interlayer comprising a thennoplastic 
functional Plm wherein the edge of the fimctional film lies within a peripheral ob- 
scuration band. 

[013] • An nrpxyved process, descaibed in flie Litemational Application Publ. No. WO 

01/51279, allows to drastically reduce wrinkles and creases without using any auxiliary 
film, redudng the size of the functional film by apmpheral trimming, whereby the 
possible wrinkles are eliminated and the interlayer outer edge lies within the edge of 
the glass panes. 

[014] In this case, a fliin obscuration band, producing an opaque or partially opaque 
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contour, may mask the uncoated redoced peripheral tegjon. 
[0 1 5] Anyhow, such a contour can reduce, dMiigh very sligNly . the transparent suifece of 
the glazing, and such a process could be less than effective when Ihe curvature of tfie 
end product exceeds certain vahies. 
[0161 US Patent No. 5,025.895 describes a process in which a compoate intedayer is pre- 
produced by gluing layers of bonding resm to functional layers. Subsequently, this 
composite interlayer is thermofbrmed and used to produce laminated glazings. 
However, these contrivances are complex and cannot always avoid the formation of 
wnnMes vwth reduced curvature radiuses. 
[017] US Patent No. 5,264,058 describes mstead a process for manufacturing laminate 
glazings in which aplastics material layer is prefonned at Mgh ten^eratere an^ 
without cooling, employed to couple glass sheets, usmg the latter as heat sink to extract 
heat ficom Ihe plastics mataial layer. Subsequently the glazing panel is treated in 
aulDclave to obtain the final product However, also these contrivances are complex 
and cannot always avoid the formation of wrinkles with reduced curvature radiuses. 
[018] European patent application EP 0,326,015 A describes aprocess for manufacturing 
an interlayer in which fha functional fflm is thermofonned and subsequently coupled to 
layers of bonding resan to adhere to glass sheets, however, in this case as weD, Uie 
formation of wrinkles with reduced curvature radiuses cannot always be avmded. 
[019] Atlast.theInteinatianalAppHcalionPnbLNo.W091/19586discIosesaprocess 

wherein a conqjosite intedayer is laminated with all the end layers, ihennoformed on a 
mould and flien allowed to cool. Again, the end product is not completely satisfectory. 
[020] Thus, fiom one aspect tiiis mvention provides a process for the production of a 

curved lammated glass paue eomprismg a first glass sheet and a second corresponding 
glass sheet, together vwth an intfirlaya comprising at least one bioriented thermoplastic 
functional layer. i.e. pr&-stretched accordmg to two directions substantially per- 
pendicQlar therdietween m order to prevent wrinUing. and a corresponding at least one 
layer of a bonding resin having areduced level of optical defects due to creasmg of the 
intedayer, such process con^dsmg flifi steps of positioning said intedayer between &e 
two glass sheets and applying pressure and heat to form alaminated pane showing an 
end shape with one or more curvatures, which process is characterised m tiiat said at 
least one bioriented tiiermoplastic functional layer is tiiermoformed on a mould 
together with said at least one layer of a bonding resin, in a configuration substantially 
correspondmg to tiie end shape of said curved lammated glass pane, and then cooled 
by forced drau^t prior to bemg positioned between said glass sheets to form said 
intoflayer. 

[021] In a preferred embodiment, flie mterlayer may comprise one or more ftmctional 
layers cold-overiapped prior to tiiermofbrming and then tiiermoformed in a single 
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cycle, by heating to a softeaung tempecatoie adequate for all the functional layers, 
depositing on a mould and appljrmg vacuum between mould and inledayer, followed 
by a final cooling by forced draught 
[022] According to another preferced embodiment, functional layer composes a 

penpheral pie-cot portion apt to be removed fitmiti^ In this embodiment, 

one bonding lesin layer is adhered to one face of said functional layer, die latter being 
subsequently cold-stamped in a configuration substantially conesponding to the end 
sh^e of said curved lanainated glass pane> placed a mould and heated and then cooled 
by forced draught This thermofonning step allows the theimoplastic functional layer 
to be paGcnanently shaped after the subsequent cooling by forced dranghL 
[023] The resulting intedayer is positioned on a glass glazang adhenng the bonding resin 
to the g^s surface, and said pre-cut portion is peded off, whec^^ 
the functional layer remains to a certain distance fixim ibs edge of the glazings . Then, a 
further bonding resin layor is applied on the exposed functional layer sorfoce before 
positioning a second glass glazing on it and applying pressure and heat to foma a 
laminated gazing showing an end ^ape with one or more curvatures. 
[024] The invention finds particular application in the production of curved laminated 
antomotive glazings, espedaflywindsMddSy WMc&lmve a high degree of cross 
cnrvatuia, say even mer 20.0 mm. It is also applicable to ^azings which have a 
reladvely small radius; e.g. at least one curve having a radius of less than 10.000.0 mm 
and possibly less than 10.0 mm at least one point on their surface. 
[025] This process allows to obtain glaziTigs firee from any optical defects even at tfaeu: 

edges, maldng pradpheral obscuration bands superfluous. 
[026] Two embodiments of the invention are hereinafter desoibed, by way of example 

and not for limitative purposes with reference to the accompanying drawings, wherein: 
Figure 1 is a schematic escploded view of a windsMdd constructed with the 
process according to one embodiment of the present invention; 
Figure 2 schematically illustrates the composition of a functional film to be 
ased in the process according to one embodiment of the present invention; 
Figure 3 schematically illustrates a step of the process according to one 
scobodiment of the preset invention; and 

Figure 4 illustrates another step of the process according to the present 
invention; and 

Figure S is a sdiematic exploded view of a windshield constructed according 

to a second embodiment of the present invention. 
[027] By refermce to the figures 1 to 4, the present process for the production of a curved 
laminated glass pane has the object of providing a pane 1 comprising apair of shaped 
glass sheets 2 and showing a shape having one or more curvatures. 
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[028] Between the glass sheets, as mentioned in the foregoing, an intedayer 3 that cairies 
out a two-fold task is introduced. In fact, the interlayer 3 according to this embodunent 
compdses three layers: in particular, twol^ets4 of abamJing lesiii positioned into 
contact with said glass dteets 2 in Older to provide the adhesive bond rt^ 

to keep tfiem joined and one layer of fimctional layer 5. 
[029] Said bonduig rean is preferably polyvinylbntyEal (PVB). 

[030] For functional layer it is meant a layer carrying out a predetermined fbnction, e.g. a 
filter with particalar optical propaties to abate the radiant solar energy crossmg the 
glass pane 1, a coloured layer to colour the glass pane, a partially reflecting layer, a 
conductive layer prearranged for the thermal heating of flw glass. 

[031] A fflm in polyethylene terephthaJate OPET) witii very reduced thicknesses provides 
adequate support for the fimctianal layer. Other adequate supports are formed ftom 

other ifaacmoplastic le^ns. 
[032] inthecaseofrDateiialshavingthennalshrmkageproperties,asinthecaseofPEr, 

the fihn for the functional layer is advantageously bioriented. Le. it has been stretched 
accordmg to two axes substantially nonnal therebetweeai. 

[033] In this embodunent (figure 2), the selected fnnctionallayercampiises a fihn hi 

PET, mdicatedby 6, with various perfi)rmance suil>-layas deposited on one surfece of 
die PET. In particular, there are d^rasitEd three filtering sub-layers 7 bimetal oxide 
and two reflecting sub-layers 8, hi silver, alternated thereamong. 

[034] However, itis understood thatthenomber of performance sub4ayei5hibandm^ 
resm. of fimclionallayers andof glass dieets nMy be variedin 

[035] The process accordmg to this embodiment comprises thermoforming the mterlayer 

3, Le. the layers 4- m bonding resin and the functional lay w 5. • 
[036] ' Said layers are suitably pre-lammated and wound on aron 11 of a wmdmg 

machine. They are unwound and inserted between atop mouMmg 12 and a bottom 

mouldmg 13. positioned above a curved mould 14 (Figure 3). 
[037] The fihns are fastened to die mouldmgs 12, 13 by a snap festenhig system, the edge 

subjected to pnchmg will have a thickness of 15-20 mm. 
[038] At this stage, the layers 4, 5 blocked between tiie mouldmgs 12, 13 are removed 

from the mould and subjected to hearing, say by a radiant panel heating system 15 with 

infrared lamps. 

[039] The heating temperature is set at 130°C+/-30°C 

[040] A temperatiiie detection system is advantageously operated, usmg an mfrared 
pyrometer 16 with a sensor of wavelength tyE^cal of the abovedescribed plastic 
materials, which detects the tanperatore rise of die fihn overlapping. As soon as the 
temperature reaches the preset value an electric command signal activates a system that 
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inteixapts the heating, i.e. letracts the heating panels firom title fifans. 

[041] According to a piefened vasion, during the heating, a hot air jet is injected from 
the bottom so as effect a film pretensioning pdor to positioning tixem on tiie mould. 

[042] Then, afl^ ablowing tizne of &om 1 to 3 seconds, the mould raises bottom to top or 
lowers top to bottom forcing the layer, held stationary by the two mouldings 12, 13, to 
assume its shape* All of these thermofbrming steps are carried out undCT vacunm, 
thereby further fostering the fonnation of the layer resulting fixim the overlapping of 
tiie abovedesCTibed films (Figure 4). 

[043] After some seconds of pressing by vacuum application, a cold air jet is activated 
that cools said layer to a tempecatore of about SCMO^'C, fi:eezing fiie sh^ of the 
functional lay^ S and, consequently, of the binding resin 

[044] After this cooling, iterated by forced draught, the two mouldings 12, 13, which 
held the interlays 3 stationary along all these steps, reopen, and the operator can 
recover the sh^ed interlayer 3 which, in order to better retain the impressed sh^pe 
charact^tics, may be stowed on a support having the same sh^e of the mould used 
for the themiof omung. 

[045] iiie tiiermofoimedovedappingoftiiefimctional layers and of the 1^ 

bonding resin 4 can be used to manu£actare carved glass panes according to usual 
tffchTiiqfffigj, yet with tiie option of employing very ledaced cutvatore radiases. 

[046] Therefore, the process according to this embodimrat further comprises flie step of 
positioning said interlayer 3 between the two glass glazings 2 in a suitable autoclave, 
wherein ^>propriate pressure and heat are applied, to form a laminated pane char- 
acterised by an end shape with one or more curvatures. 

[047] This step realizes the binding between the sheets of g^ass, by virtue of the adhesion 
of die bonding lesin layers 4 to the respective gla2h[ig surface* 

[048] The peripheral margin of the intedayor 3 shows no wrinkles or creases, whidi 

tfaecefore may not need to be masked by a dotted area incqpressed on the inner surface of 
the extOTial glass glazings ^.e., in the automotive of building field, the glazin gs 
intended to be placed at the external side) or on the inner surface of the internal glass 
glazings Ci.e», in the automotive of building field, the glazings intended to be placed at 
the internal side). 

[049] A second embodiment of the present process for tiie mann&cture of laminated g^ass 

panes which incorporate a transparent functional film embedded between the 

laminating layers is herdnafter described 
[050] According this embodiment, the interlayer 3' is composed by one functional layer 5 

as above specified, and by one bonding resin layer, adhered to one face of the 

functional layer. 

[051] Along its whole edge, the functional layer comprises a pre-cut peripheral portion 5' 
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(figure 5), apt to be removed in a subsequent step of the present process. 
[052] Before the thennofoimmg and ihe cooling stq>s of the preceding embodimfflit, Ihe 
intedayer 3' is cold-stan^ied, Le. is pre-fonned at room iBmpaatare. Hiis coldr 
stamping step involves flie liadaxbed. thennoplastic fhnctional layer 5 airi the cot- 
responding layer of abonding resin, whidi are shaped in a configuration substantially 

cooe^nding to die end shape of the carved laminated ^ass pane to be manufactured. 

[053] For the themiofonning step, vacuum is applied to the interiaya: 3' , to make it 

adhere to a suitable mould, having a shape substantiaDy canespooding to the end shape 
of die curved laminated glass pane to be mannfactnred. He intedayer 3' is positionBd 
with the functional layer 5 pecfecdy adhec^ to flic mould soxEace. 

[054] By ^propriate heating means, flie iatecbyex 3' is heated to a softenmg ten^eiatare 
of the thennoplastic material <rf the fianctional layer, Le. a temperature of 1 30°C +/- 
30°C 

[055] The heating phase can be carried out by a radiant panel heating system with inficared 
lan^JS, vrith a temperature detection system using an inftared pyrometar 16 with a 
sensor of wavelength typical of the above described diennoplastic materials, wHch 
detects flie temperature rise of the film ovedapping. As soon as the ten^etature 
reaches the preset value an electric command signal activates a system that intennpts 
the heating, Le. retracts the heatmgpands from the films. 

[056] Afto some seconds, a cold airjetis activated feat cools said layers to a ten^jeratnre 

of about 30-40°C fieezing the shape of tiie functional. Thus, the bioriented ther- 
moplastic functional layer 5 is permanently shaped by the cooling by forced draught. 
[057] After the above described themiofonning and cooling steps, the interlayer 3' is 
positioned over one glass glazing, which is mtended to be an mtemal glazing, Le. 
intended to be placed at the mtemal side of the final glass pane. The bondmg lesm 

layer 4 is applied to the glass soi&ce. 
[058] Atthis stage, said pre-cut portion 5' is peeled 6£^ whereby the outer edge of Ihe 

fimctional layer 5 remains to a certam distance from the edge of the receiving glazing. 

[059] Then, a furflier bondmg resin layw 4 is applied at least on the exposed functional 
layer 5 surface, and a second glass glazing is positioned on it, the shape thereof 
perfectly matching with the shape of the first glazing and of the interlayer 3' covered 
by said additional bonding resin layer 4. 

[060] In this connection, tiie composite glass pane according to tiie present mvendon 

reaches its final composition (figure 5). This semi-finished product is now placed mto 
appropriate means for ^plying pressure and heat (e.g. an autoclave) to form a 
lannnated glazing showing an end diape with one or more carvatores. 

[061] Accordmg to ihe second embodhnent, the functional layer 5 shows a linear edge 

near to flie glazmg edge, which is ahnost intelligible and which can easUy hidden by a 
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penpheral dotted area impressed on the inner face of the inner glazing. This con- 
figoradon is easier to be obtained than that with a peripheral dotted area impressed on 
the inner face of the outer glazmg. 

[062] Moreover, since the functional lay^ is kept to a distance &om the external edge of 
fbe final glass pane, it is efifectively protected by the ccnrosion due to the infiltration of 
atmospherical agents or the like between the glazings at the edge thereof. 

[063] To the abovedescribed process a person skilled in the art, in order to satisfy fiirdier 
and contingent needs, may effect several further modifications and variants, all 
howev^ encompassed by the protective scope of the present invention, as defined by 
the annexed claims. 
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Claims 

[001] A process for the production of a curved laminated glass pane (1) comprismg a 

first glass steet and a second conesponding gjass sheet (2), together with an 
intedayer (3; 3') comprismg at least one bioriented thermoplastic functional 
layer (5) and at least one layer of a bonding resin (4), such process comprising 
flie steps of: thennof onning on a mould said at least one UodenCBd theonoplastic 
functional layer (5), together with at least one layra: of a bondmg resin (4) 
adhered to said at least one biodented thermoplastic functional layer (S), in a 
configuration substantially ccnresponding to the end sh^ of said curved 
laminated glass pane (1); cooling by forced draught said at least one functional 
layer (5) and said suitable layers of a bonding resin (4), whereby the shape of 
said at least one functional fitoi (5) is frozen; and positioning said rnterlayer (3, 
3') between the two glass glazings (2) and applying pressure and heat to fonn a 
laminated glazing showing an end shape with one or more curvatuies. 

[002] A process according to claim 1 wherdn, during Ite 

jet is injected from the bottom so as to effect a pretensiofiing of said at least one 
foncticmal layer (5). 

[003] A process according to any of claims 1 to 2, whraein said interlayer (3) 

comprises two bonding resin layers (4), intended to be poiritioned into contact 
with distinct glass sheets (2), each adh^ed to the opposite side of one f 
functional layer (5). 

[004] A process according to daimljWherdm said intedayer (3') comqpri^ 

fbncfional layer (5), and a conesponding one bonding resin layer (4), adhered to 
one fece of the fonctional laysr, the functional layer (5) compriising^ along its 
whole edge a pre-cut peripheial portion (5'), apt to be removed in a subsequent 
step. 

[005] A process according to claim 1 or 4, wherein, before the thermof onning and the 

cooling steps, said interlayer (3') is cold-stamped in a configuration substantially 
conesponding to the end shape of the curved laminated glass pane to be man- 
ufactured. 

[006] A process according to claim 4 or 5, wherein, in tiie fhermofoniring step, vacuum 

is applied to the interlayer (3') to make it adhere to the mould with the functional 

layer (5) adherent to the mould surface. 
[007] A process according to one of the claims 4 to 6, wherein, in the positioning step, 

the shaped interlayer (3') is positioned over one glass glazing (2), with the 

bonding resin layer (4) is applied to the glass surface. 
[008] A process according to claim 7, wherein said one glass glazing (2) is intended to 
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be at the internal side of the final glass pane (1). 

[009] A process according to claim 7 or 8, wherein said preheat porticm (5') is peeled 

o& when the interlayer (3') has been posiliQDed over sdd one glass glazing (2), 
whereby the outer edge of die fionctional la^er (S) remains to a certain distance 
from die edge of said one glazing GZ). 

[010] A process according to one of the claims 7 to 9, wherein^ in the positioning stq), 

a forther bonding resin layer (4) is applied at least on the exposed functional 
layer (5) surface, and a second glass glaring (2) is positioned on it, the shape 
diereof peif ectiiy matching with the shape of said one glazing (2) and of the 
intedayCT (3') covered by said additional bonding resin layer (4). 

[Oil] A process according to any of the preceding claims whoein said bonding resin is 

polyvinylbutyral (PVB). 

[012] A process according to any of claims 1 to 4 characterised in that the gflass pane is 

a carved glass pane having a cross curvatnte of at least 5.0 mm. 

[013] A process according to any of clmms 1 to 4 charactmsed in that the glass pane is 

a curved glass pane wherein at least a part of the curved surface has a radius of 
less than 10000 mm. 

[014] A process acceding to any one of the preceding claims wherein said ftmcttonal 

layer (4) conqiiises a fDboi in poly^ylene terephthalate (6) with one or more 
filtering (7) and/cr reflecting (8) sub-layers adhered thereto. 

[015] A process according to any one of die preceding claims wherein in die ther- 

moforming the heating temperature is set at 130°C +/- 30°C. 

[016] A process according to any one of the preceding claims wherdn in the ther- 

moforming there is employed a temperature detection system with use of an 
infiared pyrometer (16) with a wavelength sensor which detects the temperature 
dse of said at least one biodented diemioplasdc functional fifan (5) and said 
suitable layers of abonding lesin (4) and, as soon as the temperatures roaches the 
preset value, activates a ssrstem that inteimpts the headng. 
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